Structure and function of hexameric helicases.
Helicases are motor proteins that couple the hydrolysis of nucleoside triphosphate (NTPase) to nucleic acid unwinding. The hexameric helicases have a characteristic ring-shaped structure, and all, except the eukaryotic minichromosomal maintenance (MCM) helicase, are homohexamers. Most of the 12 known hexameric helicases play a role in DNA replication, recombination, and transcription. A human genetic disorder, Bloom's syndrome, is associated with a defect in one member of the class of hexameric helicases. Significant progress has been made in understanding the biochemical properties, structures, and interactions of these helicases with DNA and nucleotides. Cooperativity in nucleotide binding was observed in many, and sequential NTPase catalysis has been observed in two proteins, gp4 of bacteriophage T7 and rho of Escherichia coli. The crystal structures of the oligomeric T7 gp4 helicase and the hexamer of RepA helicase show structural features that substantiate the observed cooperativity, and both are consistent with nucleotide binding at the subunit interface. Models are presented that show how sequential NTP hydrolysis can lead to unidirectional and processive translocation. Possible unwinding mechanisms based on the DNA exclusion model are proposed here, termed the wedge, torsional, and helix-destabilizing models.